Objective: In view of the paucity of data on energy costs, the present study aimed to estimate these for typical daily activities performed by women in rural India. Design: A cross-sectional study covering 26 different activities was done by indirect calorimetry using the Oxylog TM instrument (Morgan). Settings: Villages about 30-40 km from Pune city, Maharashtra, India. Subjects: Energy costs were measured on 22 rural Indian women aged 18-45 years. Results: Irrespective of whether an activity was domestic or farming, energy cost was lower when performed in sitting position (cleaning grains 5.24 kJ min 21 , plucking leafy vegetables 5.76 kJ min
Discrepancies between measured intakes and estimates of energy expenditure are commonly reported for marginally malnourished populations in the developing world. Very low levels of energy intake, which appear to be incompatible with the levels of obligatory physical activity associated with rural farming life, are often explained by energy sparing through a decrease in basal metabolic rate (BMR) 1, 2 , a decrease in discretional activities [3] [4] [5] or a decrease in the energy cost of activities 6 . However, in the real-life situation with marginal but sustained energy stress, the reduction in BMR is believed to be negligible 7 . Although reduction in physical activity appears to be an easy strategy to combat energy stress, it is not always possible in subsistence farming communities 8 . In fact, the change in physical activity that occurs is due only to the seasonality in agricultural tasks 9 . Thus, observed seasonal variation in body weight or body fat 10, 11 in such communities reflects a way of coping with their marginal energy stress 12 . With little scope for reduction in activity, the decrease in energy cost of activities is therefore believed to be the logical and feasible way of coping with energy stress at no or a minimum cost 7 . Evidence suggests that even among individuals of similar age and sex, physical activity is usually the most important factor causing variations in energy expenditure 13 . Studies reporting energy expenditure on various activities for Indian adults are scarce 14, 15 and those available are on women engaged in activities other than farming 16, 17 . Rural women in India are engaged in domestic chores and also contribute substantially in farming activities. Yet, their reported 18, 19 energy intakes are very low. Measuring the energy costs of various activities among rural Indian women would therefore contribute to the current interest in understanding mechanisms of adaptation to long-term low energy intakes. In the present work we measured the energy cost of typical daily activities that women from farming communities perform in rural Maharashtra, India, computed their physical activity ratios to assess their energy requirement and compared it with their estimated daily energy expenditure.
Materials and methods

Rural community
The subjects were selected from villages about 30-40 km away from Pune city, where other community nutrition projects of the department were being implemented. A total of 22 women (aged 18-45 years), who volunteered themselves for wearing a mask for the measurements, were considered for measuring the energy costs of various activities pertaining to a rural lifestyle. Agriculture is the main occupation in this area and the majority of women have to participate in several farming activities like weeding, planting onion seedlings, harvesting the Bengal gram plants, cutting fodder, de-shelling groundnuts, etc. These activities are tedious and require long hours of sitting or bending.
Daily activities of rural women
In India, domestic activities consume a considerable amount of women's time and energy, especially in rural areas as electrical appliances are not yet in common use. Domestic work mainly involves cooking, washing utensils and clothes, and sweeping the floor. Food is cooked on a traditional chulha (earthen stove) that uses firewood as fuel. The morning activities start with chopping of the stored firewood. Cooking includes activities like making dough and rolling roties, cleaning and cutting vegetables, and grinding spices for gravy. Utensils are washed two or three times a day. The activity of washing clothes is generally done at the well. In some cases women have to go to the river to wash clothes and therefore they have to carry the burden both ways. They have to fetch water daily from a well or hand pump usually situated about 1 km away from house. They carry at least two water containers (total weight of about 25 kg) on their head at each trip and make a couple of trips to satisfy the water needs of the family for the day. Women have to sweep the house and courtyard as well as the animal shed every day. Some women also help in milking the cows/buffaloes. Prolonged breast-feeding being a common practice, young mothers spend considerable energy in breastfeeding the child several times a day. Rural women have hardly any recreational activities. During their spare time, visiting a neighbour's house to chat or drink tea is a common practice.
In addition to their daily activities rural women have to gather firewood at least twice a week. The dirt flooring inside the house as well as in the courtyard is levelled once a week by putting down coats of cow/buffalo dung. Another important weekly activity is cleaning grains, which involves winnowing and removing non-edible items from the grains.
We measured the energy costs for resting (i.e. resting metabolic rate; RMR), three standard activities (sitting, standing and walking) and 22 different daily activities that were commonly performed by rural women. A description of these activities is given in the Appendix. The energy cost of each activity was measured in duplicate on three or four women.
Anthropometry
Before measuring energy costs, anthropometric measurements were recorded on each subject. Body weight was measured with the women wearing casual clothes, in their house, using an electronic weighing balance (ATCO) with accuracy of 20 g. Height was measured on barefoot women with a folding stadiometer (UNA) and recorded to the nearest 1 mm. Measurements were recorded by trained researchers and care was taken to minimise personal errors. Body fat was estimated using a body fat analyser (HBF 300; OMRON Corporation) which works on the principle of bioelectrical impedance.
Measurement of energy costs
Energy costs were measured by indirect calorimetry using the Oxylog TM (Morgan) portable oxygen consumption meter. It was calibrated before taking measurements using oxygen-free nitrogen. The equipment had an in-built facility for adjusting barometric pressure to 760 mm. The least count of the equipment is 0.1 litre O 2 .
The women were familiarised with the Oxylog and the procedures involved before starting the measurements, which were recorded at home or in the field. The Oxylog was strapped to the subject's back or set beside her for sedentary measurements. The face mask was put on and the actual measurement of oxygen consumption was started only after ensuring that the subject was comfortable with the face mask. This often took few minutes after which the measurement was recorded for the duration of 6 min. A duplicate reading was taken after a gap of 10 min. The average of both readings was used for the analysis.
For measurement of RMR subjects were informed on the previous day and were visited early in the morning next day before they started their routine work. Standard procedures described earlier 20 were followed for the measurement and energy costs were obtained (kJ min 21 ).
The study was approved by the Research Advisory Committee of Agharkar Research Institute and received institutional funding.
Physical activity ratio
The physical activity ratio (PAR) is defined as the energy cost of the activity divided by either the measured or the predicted basal metabolic rate (BMR). Thus, for each activity, PAR w was computed using BMR predicted for individual women from the Food and Agriculture Organization/World Health Organization/United Nations University (FAO/WHO/UNU) equation (1985) 21 , while PAR m was computed using BMR estimated from measured values of RMR (as RMR 3 0.8). For categorising the physical activity pattern and lifestyle of the rural women, the physical activity level (PAL), as an index of total energy expenditure adjusted for BMR, was also calculated.
Daily energy expenditure
The values of energy costs measured for various daily activities were used to estimate the daily energy expenditure of the rural women. For this purpose, we made use of observational data from an activity diary maintained on rural women (n 5 16) from the same villages but collected under another departmental project. These data were collected on individual women who were followed throughout the day from waking up (07.00 hours) until bedtime (21.00 hours). The data revealed the time spent by rural women in various daily activities and allowed us to estimate their daily energy expenditure using the energy costs measured in the present study. The energy costs during sleep and nap were obtained by applying a 15% reduction 8 to the value obtained for lying (i.e. RMR, which was measured in the morning). Leisure time spent in some activities like sitting, drinking tea, chatting, eating meals, etc. involved little use of arms and was assumed to be equivalent to sitting inactive 8 . The energy costs for activities including some personal activities like bathing, which were difficult to measure, were estimated by assuming average cost of 5.86 kJ min 21 (1.4 kcal min
21
).
Statistical methods
Data are given as mean 6 standard deviation energy costs expressed as kJ min 21 and PAR. The t-test was used for comparing the difference between measured and reported energy costs and PARs for different activities.
Results
The rural women were thin (mean body weight 47.5 6 6.4 kg) and short (mean height 151.8 6 3.5 cm). The average body mass index (BMI) was low (20.6 6 2.5 kg m
22
) and the percentage of undernourished women (i.e. with BMI , 18.5 kg m 22 ) was 14.0%.
Estimates from the observer-maintained activity diary showed that their mean active time spent in various daily activities (Table 1 ) was 947 6 48 min, while the average time spent in sleeping was 469 6 50 min, leaving only 24 6 16 min unaccounted for. It can be seen that the major part of their active time was spent in domestic activity (38.0%) followed by farming activity (33.6%). Almost all women had to do domestic work consisting of cooking, cleaning (clothes, utensils and house) and fetching water, which contributed 18.3%, 14.0% and 6.5% of the active time, respectively. Apart from these daily activities, 12.0% of the women's time was spent in allied activities like child care, cleaning of grains and cleaning of animal sheds, while 11.0% of their time was spent in recreational activities like watching television and chatting. Energy cost was therefore measured for these major daily activities along with RMR and for three 'standard' activities (sitting, standing and walking). The energy cost for these standard activities varied from 3.66 to 8.49 kJ min 21 and increased with change in posture from sitting to walking ( . However, the differences between the two increased as the level of activity increased. Differences were smaller (of the order of 0.5) for activities like lying, sitting, standing and watching television. For activities such as making roties and vegetables, sweeping the floor, cleaning the animal shed and fetching water, the difference was in the range of 0.5 to 1.0, and in the case of activities where rigorous movements were involved, the differences were above 1.0 with the highest value of 2.0 for chopping firewood. Comparison of PAR m values with BMR factors given by FAO/WHO/UNU 21 also showed smaller differences for light activities and larger differences for heavy activities, despite the fact that these BMR factors given for various activities include the cost of minor movement, muscle tone and specific metabolic response to food. The differences may arise in part because of the lack of uniformity in defining exactly the way in which an activity is performed. Alternatively, these observations indicate the need for population-specific equations for estimation of RMR/BMR, especially for people from developing countries.
The differences consequently affect the classification of activities (Table 4 ). In general, based on PAR w , more activities (nine out of 26) are identified as 'very light' (PAR , 1.7) while when based on PAR m more activities (14 out of 26) are identified as 'heavy' (PAR . 2.8). In the 'very light' category concordance was seen for three activities (lying, watching television and sitting) while in the 'heavy' category five activities showed concordance. On the other hand, there was no concordance for the 'light' and 'moderate' categories, which comprised the activities actually done when the women were active during the daytime (cooking, cleaning of utensils, grains and animal shed, weeding, etc.). Using the data from the activity diary and the mean values of energy costs measured in this study, the daily energy expenditure was estimated. The daily energy expenditure of these rural women was thus 7.69 6 0.63 MJ (1837 6 150 kcal). The estimate of PAL w based on BMR using the FAO/WHO/UNU prediction equation was 1.65 6 0.16, which indicates that the overall activity pattern of rural women can be considered 'moderate'.
Discussion
Studies measuring energy intake and expenditure in malnourished populations in developing countries indicate that mean energy expenditure exceeds mean energy intake, more so in women who are often involved in domestic as well as farming activities [23] [24] [25] [26] . These data emphasise the need for estimating the PAL for women in such communities and comparing it with the estimates given by FAO/WHO/UNU 21 , as physical activity is believed to be the possible mode for energy homeostasis 7 . However, very few data are available on energy expenditure in various activities in rural communities of developing countries. The present study reports, for the first time, the energy costs and PAR values for a large number of activities which are typical of the work pattern and PAL of Indian rural women.
In rural communities, ignorance, non-cooperation, cultural unacceptability and the disruptive nature of measurements to the rural lifestyle all make it difficult to include a large number of subjects. Some earlier studies also measured energy costs of activities on small numbers of subjects [27] [28] [29] . However the importance of such data, although on smaller numbers of subjects, needs to be appreciated in view of the scarcity of data on energy expenditure. In our study we tried to cover most of the typical daily activities that a rural woman performs. Therefore, this information could be useful in estimating energy expenditures close to the reality for rural women in India.
Mean time spent (314 6 109 min) in farming activities in our study was comparable to the reported value (273 min) for female farmers from Upper Volta 8 . On the other hand, time spent in domestic work (579 6 135 min) was considerably more than that reported in other studies and thus effectively reduced the resting time of the Indian 21 .
women (633 6 113 min), which was less than that reported (758 min and 977 min) for women from Upper Volta 8,23 . The energy costs (kJ (kg body weight) 21 h 21 ) of various activities measured in this study were generally lower than reported ones 8, 28, 30 , showing larger differences for light activities (e.g. activities related to cooking and washing or cleaning) than for strenuous activities (e.g. carrying water, chopping firewood). Although such differences are often attributed to the inability in standardising activities across different populations 28 , the fact that they were significantly lower (P , 0.01) for all three 'standard' activities (Table 5) indicates the importance of racial differences or differences in body composition in different populations 31 . However, it may be worthwhile to note further that, after adjusting for fat-free mass, these energy costs were significantly lower even when compared with urban women from These observations therefore call for further understanding of the mechanisms of energy sparing in undernourished populations. Some studies have reported reduction in discretionary activities as a means of coping with energy stress 32, 33 . But in the case of rural Indian women, this possibility is rare and their daily activity pattern becomes obligatory, as it is associated with basic needs for survival. In view of this, the low values of energy costs of various activities, and especially that of RMR, observed for rural Indian women assume significance and may indicate an adaptation to long-term marginal energy stress.
Our observation that PAR m values were higher than PAR w confirms the findings from previous reports that use of the FAO/WHO/UNU 21 equation may overestimate BMR in the case of undernourished populations 34, 35 . Furthermore, it was shown to lead to considerable misclassification of activities, as PAR w identifies more activities as belonging in the very light category and fewer activities in the heavy category. For example, the activity of fetching water is classified as a moderate activity by PAR w but as a heavy activity by PAR m . In contrast, rural Indian women perceived this activity as strenuous activity, which was strengthened by its negative association with birth size 36 . A study on rural women from Karnataka 37 also highlighted the high energy costs of fuel, fodder and water collection. Therefore, the qualitative aspects of activity level are equally as important as the quantitative aspects, more so in the case of field studies where actual measurements of energy costs are extremely difficult.
The estimate of daily energy expenditure of 1837 6 150 kcal, based on the observer-maintained diary for rural women in Maharashtra, was comparable to that observed for rural Punjabi women (2048 6 37 kcal) 19 , Iranian women (1885 6 215 kcal) 27 and British women (1866 6 311 kcal, 7.69 6 0.63 MJ) 38 . PAL w computed using BMR estimated from the FAO/WHO/UNU 21 equation was 1.65 6 0.16, indicating a 'moderate' activity pattern of rural women, while based on our earlier reported 20 equation for estimating RMR for Indian adults PAL m was 2.04 6 0.18, identifying appropriately the activity pattern of rural women as 'heavy'. The findings therefore highlight the need for population-specific equations for estimation of RMR/BMR, especially among people from developing countries.
In view of the paucity of such data due to the enormous difficulties faced by researchers in measuring actual energy costs, the findings of our study assume importance. Our data on energy costs for several daily activities could be used in combination with activity diaries to estimate the daily energy expenditure of women in the rest of rural India, as rural lifestyles in different states of India are reasonably similar.
Conclusions
In conclusion, using FAO/WHO/UNU 21 estimates of BMR, most daily activities of rural women could be classified as 'very light' and 'light' on the basis of PAR while their overall daily activity pattern is identified as 'moderate' on the basis of PAL w . In contrast, low adult body weights of individuals from developing countries is perhaps the reflection of long-term energy stress, as they are engaged in energy-demanding activities with relatively low levels of dietary intake as reported by many studies [39] [40] [41] . Our study thus highlights two important issues in the context of estimating energy expenditure in field studies: the need for population-specific equations for estimating BMR and the importance of data on qualitative descriptions of various activities. This will facilitate sound comparisons of energy expenditure patterns in different populations. 
